To evaluate the validity and reliability of the food frequency questionnaire (FFQ) used in the Shanghai Women's Health Study (SWHS), 200 SWHS participants were recruited for a dietary calibration study. Study participants completed an FFQ at baseline and 24-h dietary recalls (24-HDR) twice per month consecutively for 12 months. At the end of the study, a second FFQ was administered. Of the 200 study participants, 196 completed 24 or more days of 24-h dietary recalls, 191 completed two FFQs from whom the results of this report were based. The FFQ included the foods that accounted for 86% of the foods recorded in the 24-HDR surveys. Validity of the FFQ was evaluated by comparing intake levels of major nutrients and foods obtained from the second FFQ with those derived from the multiple 24-HDR. The median intake for major nutrients, rice, poultry and meat derived from the second FFQ and the 24-HDR was similar, with the differences ranging from 1.3 to 12.1%. The FFQ tended to overestimate the intake level of total vegetables and total fruits, and the differences were explained mainly by over-reporting seasonal vegetables and fruits consumption in the FFQ. Nutrient and food intake assessed by the FFQ and the multiple 24-HDR correlated very well, with the correlation coefficients being 0.59-0.66 for macronutrients, 0.41-0.59 for micronutrients, and 0.41-0.66 for major food groups. The reliability of the FFQ was assessed by comparing the correlation and median intake of nutrients and food groups obtained from the two FFQs that were administered approximately 2 y apart. The median intake levels for selected nutrients and food groups derived from the two FFQs were similar with differences below 10%. At the individual level, the intake levels of these dietary variables obtained from two FFQs also correlated well. When nutrient and food group intakes were categorized into quartiles, FFQ and 24-HDR produced exact agreement rates between 33 and 50%. Misclassification to adjacent quartile was common, ranging from 34-48%, while misclassification to an extreme quartile was rare (1-6%). These data indicate that the SWHS FFQ can reliably and accurately measure usual intake of major nutrients and food groups among women in Shanghai.
Introduction
Although the contribution of dietary factors on the development of chronic diseases, particularly cancers and cardiovascular diseases, has been increasingly recognized, the measurement of usual dietary intake remains one of the most challenging tasks in nutritional epidemiology (Drewnowski, 2001) . The Food frequency questionnaire (FFQ) is the most commonly used instrument in the investigation of the relation between dietary factors and chronic diseases, in large part because of its low cost and ability to capture usual dietary patterns (Willett & Lenart, 1998) . Using this instrument, usual consumption of several nutrients and foods, such as dietary fat, red meat, vegetables, and vitamins, has been linked to the risk of a variety of chronic diseases, including cancer, and cardiovascular diseases (Willett & Lenart, 1998) .
The performance of an FFQ is sensitive to the culture and ethnic background of the study population. Thus, the validity and reliability for a FFQ need to be evaluated for studies conducted in different study populations. In 1997, we initiated a population-based cohort study of 75 000 women in urban Shanghai, the Shanghai Women's Health Study (SWHS), for a long-term etiologic study of cancer and other major chronic diseases. One of the primary foci of the SWHS is to identify dietary factors that increase or reduce the risk of cancers and other chronic diseases. Dietary intake of the cohort members have been/will be assessed using the quantitative FFQ at the baseline survey, 2 y after recruitment and every 4 y afterwards. To assess the validity and reliability of this FFQ and to provide information for correcting risk estimation in future nutrition epidemiological studies, as well as to improve this dietary instrument during follow-up of the cohort, we conducted a dietary calibration study among 200 SWHS participants. We report here the validity and reliability of this FFQ in assessing the intake of major nutrients and food groups that have been previously linked to health risks.
Methods

Subjects
Subject recruitment for the SWHS was conducted in seven communities in urban Shanghai from March 1997 to May 2000. All permanent female residents between ages 40 and 70 y in the study communities were approached for the study. In-person interviews were conducted for 75 049 women, a response rate of 92.3%. In-person interviews were conducted to complete the baseline survey, including an FFQ that assesses usual dietary intake over the past 12 months.
The Shanghai Women's Health Study FFQ The SWHS's FFQ was developed based on a similar dietary questionnaire that was used in several previous epidemiological studies of cancer in Shanghai (Shu et al, 1989 (Shu et al, , 1993 Zheng et al, 1992; Ji et al, 1998; Dai et al, 2001 ) with updated information from a dietary survey of 664 subjects in 1996. A total of 77 food items and food groups were included in the questionnaire and that covers about 90% of commonly consumed foods in urban Shanghai in 1996. For each food item or food group, subjects were asked how frequently (daily, weekly, monthly, yearly, or never) they consumed the food or food groups, followed by a question of amount of consumption in lians (50 g/lian) per unit of time. For seasonal foods (mainly vegetables and fruits), in-season consumption pattern was elicited. During the baseline survey, approximately 1000 SWHS participants were randomly selected in each season and information was obtained from them on the number of months per year each food was consumed. The information was then regressed on age, education, and income of the subgroup of study participants. The regression coefficients were used as the weight to adjust seasonal variation on seasonal foods for the whole cohort of women including the participants of the calibration study.
Dietary calibration study
The dietary calibration study was initiated in September 1998. A total of 200 SWHS participants were recruited from three of the seven study communities approximately 1 y after they completed the baseline survey. In all, 10 interviewers were chosen for conducting the study with each being responsible for the follow-up of 20 subjects throughout the 12-month study period. Potential participants were randomly selected from the SWHS roster from 15 neighborhoods in the three communities that were chosen based on the neighborhood proximity to the resident of interviewers. In total, 25 primary and 50 alternate contacts were identified for possible recruitment by each interviewer. Among participants in this study, approximately 30% were primary contacts.
Study participants were contacted twice a month during a 12-month period to provide the name and amount of foods that they consumed over the past 24 h. The days of 24-h dietary recall (24-HDR) were chosen to assure a balanced representation of weekdays and weekend days for each participant. All recalls were obtained by an unannounced in-person interview in the evening after dinner (around 19:00). At the end of the 1 y study, a second FFQ was administered. The second FFQ was completed by 191 subjects (with an average time interval between the administration of two FFQs of 2.15 y, ranging 1.65-2.66 y). The current analysis was restricted to these 191 subjects who had complete data from two FFQs and at least eight or more days of 24-HDR.
Statistical analysis
The Chinese Food Composition Table (Wang & Shen, 1991) was used to estimate the intake level of major nutrients for study participants. Food groups were formed by combining the intake levels of selected foods with similar nutrients, phytochemicals, or botanic classifications. Validity and reliability of the FFQ were assessed by comparing the median nutrient and food intake, and calculating correlations between these intakes derived from different dietary survey methods (FFQ vs mean of 24 days of 24-HDR) and different surveys (baseline and second FFQ). Nutrient and food intake values were log transformed to normalize the distribution of these data, and the Pearson correlation coefficients were estimated. Agreement rates by quartile distribution of nutrient and food intake were also calculated. Virtually all the correlation coefficients presented in the paper were statistically significant with a P-value less than 0.01 and were not individually presented. Additional adjustment for energy intake by residual method did not change the results appreciably and results were, therefore, not presented.
Results
The 200 women who participated in the dietary calibration study were slightly older (mean age ¼ 55.4 y) than overall cohort members (mean age ¼ 52.1 y) (Po0.01). Calibration study participants were also more likely to be postmenopausal, to have a lower education, and more live birth compared to the whole cohort women (Table 1) . However, there was little difference between the 200 women and whole cohort women with regard to income level, marriage status, weight, waist-to-hip ratio and macronutrients intake (caloric, fat, protein, and carbohydrate) at the baseline survey.
Among the 200 dietary calibration study participants, 196 subjects completed 24 or more 24-HDR. The remaining four participants completed 22, 20, 17 and nine 24-h recalls. This resulted in a total of 4895 24-HDR. These dietary recalls represent 70 466 food entries and 564 unique food items. Among them, 194 were included in the FFQ (some as grouped food items), accounting for 85.6% total food entries recorded in 24-HDR. Table 2 presents the median nutrient intake derived from the baseline, second FFQ and average of the 24-HDR as well as percentage of differences in these assessments. The median nutrient intakes assessed by two FFQs agree considerably well, especially for macronutrients, with the differences in median intakes between the two assessments being 2.5% (P ¼ 0.33), 3.0% (P ¼ 0.37) and 8.0% (Po0.01), respectively, for fat, protein, and carbohydrate. The median differences in consumption of micronutrients are all under 9% (Po0.05 for niacin and thiamine). The nutrient intakes assessed on the second FFQ are in general lower than these assessed at baseline FFQ, with the exception of fat and retinol consumption, which were 2.5 and 4.7% higher, respectively, on the second FFQ. There is also a good agreement between nutrient intake assessed by the second FFQ and by the average of the 24-HDR (both assessments cover the same time period). Differences in median intake were between 2.1% (protein, P ¼ 0.97) and 9.1% (carbohydrate, Po0.01) for macronutrients and between 1.3% (thiamine) and 12.1% (retinol) for micronutrients (Po0.05 for vitamin C and carotene intake). Compared to the 24-HDR, FFQ tends to overestimate intake of most nutrients except for consumption of fat, protein, and vitamin E.
The nutrient intakes assessed by the two FFQs approximately 2 y apart correlate reasonably well (the correlation coefficient (r) for the nutrient intake ranges 0.47-0.59, with exception of carotene (r ¼ 0.30)) ( Table 3 ). The correlations of nutrient intake between the second FFQ and 24-HDR are, in general, higher than those observed between the two FFQs. The correlation coefficients are between 0.41(carotene) and 0.64 (Calories). When the nutrient intakes were categorized in quartiles, the rates for same quartile classification range 32-39% for nutrients derived from two FFQs and 33-46% for nutrients derived from the first FFQ and the 24-HDR. The agreement rates for classifying nutrient intakes into same or adjacent quartiles were between 75 and 87%. Misclassifying nutrient intake into extreme quartiles is rare (1-6%).
Similar sets of analyses were conducted for selected food groups (Tables 4 and 5 ). With the exception of egg and fruits intake, the differences in consumption of other food groups between two FFQ are within 10% (Po0.05 for rice and fruit intake). Consumption of poultry, red meat, fish, and eggs is lower and consumption of vegetable and fruits is higher in the second FFQ than in the first FFQ. Intake of most food groups, excluding red meat and poultry, is higher by the FFQ as compared to the 24-HDR (Po0.01 for all food groups except poultry and red meat intake). Intake estimates are 37.4% higher for fish, 25.4% for eggs, 43.8% for vegetables, and 116.7% for fruits. The higher fruit consumption was mainly accounted for by the higher estimated watermelon intake in FFQ (355%). Consumption of poultry and red meat was lower on the FFQ by about 3 and 10%, respectively (Table 4 ). The correlations of food group intake ranged from 0.37-0.67 comparing two FFQs and 0.41-0.66 comparing the second FFQ and the 24-HDR. The agreement rates of classifying food group consumption in a same quartile were 35-51% for the two FFQs and 37-50% for the second FFQ and the 24-HDR. The agreement rates were between 75 and 88% for classifying food intakes into same or adjacent quartiles. Only 3-7% subjects were misclassified into extreme quartiles. Given that the participants of the calibration study were slightly older, more likely to be postmenopausal, currently married, to have a lower education, and more live births than the overall cohort women, further analyses were conducted to estimate the partial correlation of nutrient and food group intake derived from two FFQs and 24-HDR after controlling for the above-mentioned variables. As shown in Table 6 , although attenuated slightly, the correlations between two FFQs regarding nutrient and food group intake are, in general, good or very good (r ¼ 0.37-0.63), again with the exception of carotene intake (r ¼ 0.28). Similarly, the correlations of nutrient and food group intake derived from the second FFQ with the average of 24-HDR were attenuated slightly after adjustment but remained very good (r ¼ 0.37-0.66).
Discussion
The FFQ for the SWHS was designed to capture the usual intake of nutrients and major foods among women in urban Shanghai. We evaluated the performance of the FFQ by comparing intake of nutrients and selected food groups obtained from this instrument with those derived from biweekly 24-HDR that were conducted over a 12-month period. The results suggest that the SWHS FFQ is reasonably comprehensive, reproducible and can capture the major nutrient and food group intake relatively accurate among women in urban Shanghai women. The performance of the FFQ is as good as, if not better than, many FFQs that have been used in epidemiological studies (Willett et al, 1985; Goldbohm et al, 1994; Kaaks et al, 1997; Margetts and Pietinen, 1997; Riboli et al, 1997; Willett & Lenart, 1998; Martinez et al, 1999; Mayer-Davis et al, 1999; Flagg et al, 2000; Hansson et al, 2000; Jain & McLaughlin, 2000; Stram et al, 2000) .
The reproducibility and validity of the FFQ used by the European Prospective Investigation into Cancer and Nutrition (EPIC) were evaluated in a similar design that we have employed in the current study (Margetts & Pietinen, 1997) . Two FFQs were administered 1-y apart and up to 12 24-HDR were taken monthly for each person. The Spearman coefficients of relation between questionnaire measurements and the individuals average 24-HDR ranged from 0.37 for fish to 0.68 for dairy products. For energy-adjusted nutrient intakes, mean Pearson's correlation coefficients, corrected for residual attenuation because of day-to-day variation in 24-h recall intakes, ranged from 0.37 for retinol and 0.48 for vitamin E to 0.60 for carbohydrates. The reproducibility and validity of and early version of the FFQ for the Nurses Health Study were evaluated among 173 participants aged between 35 and 59 y by administering the FFQ twice at an interval of approximately 1 y apart and four 1-week diet records. The Pearson correlation coefficients for log transferred nutrient intake derived from two FFQs that was administrated 1 y apart ranged from 0.52 for vitamin A without supplements to 0.71 for total carbohydrates intake. The energy-adjusted correlation coefficients for nutrients derived from second FFQ and the mean of the four dietary records were between 0.47 and 0.61 for macronutrients and 0.36-0.66 for micronutrients without supplements (Willett et al, 1985) . In a recent publication, Jain and McLaughin (2000) reported from a Canadian validation study including 108 women a correlation of 0.37 (energy) to 0.61(fat) between nutrients derived from an exact frequency-based FFQ and a 7-day food record. The agreement within same quintiles range from 32 to 47%.
Lack of a gold standard for measuring long-term dietary intake is the most challenging obstacle in assessing the validity of a dietary instrument. In our study, we chose biweekly 24-dietary recalls over a 1-y period as the reference method for assessing usual dietary intake. For the 200 subjects who participated in the calibration study, 98% completed 24 24-HDR. The multiple recalls were able to minimize the effect of daily and seasonal dietary intake variation on the dietary assessment. This was evident by the fact that there was very little change in the correlations of nutrient and food intakes assessed by the FFQ and averaged 24-HDR after we further adjusted for the day-to-day within person variation from the multiple 24-HDR (r t ¼ r 0 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi 1 þ l x =n x p , data not shown). Furthermore, to minimize the possibility that study participants change dietary intake to facilitate dietary recall, all the dietary recall interviews were made on unscheduled days. Therefore, we believe that dietary recall information obtained from this study is a fairly accurate measurement of the true usual intake for the study population over a 1-y period.
Using 24-HDR as the reference method to validate the FFQ, we assume that the errors of these two instruments are not correlated. As mentioned in the method section, the FFQ asked frequency and amount of consumption of a list of foods (close-ended questions) or food groups during the past 12-month period, while the 24-HDR employed the openended question format and inquired intake of the foods that the study participants ate during the previous 24 h. Since recall time interval and format of questionnaire of the two methods are quite different, we believe that correlated common errors were minimized.
The multiple dietary recalls may sensitize study participants regarding their dietary intake, and therefore, be able to answer the FFQ in a more accurate way. This training effect could result in an overestimation of the true validity of FFQ. We also calculated the correlation between first FFQ and mean of 24-HDR. The correlations were slightly lower than those observed for second FFQ (correlation coefficient ranges from 0.41 to 0.51 for macronutrients and 0.30-0.42 for micronutrients). However, the recall time frame for the first FFQ was approximately 2 y earlier than that of the 24-HDR. Change of dietary intake over the years may account for some of the lower correlation observed with the first FFQ. Therefore, the true correlations of dietary intake assessed by the FFQ with those assessed by 24-HDR are likely to lie between the correlations observed between the first and second FFQ and 24-HDR.
Assuming the recalls are close to 'true' intake, we found the SWHS FFQ overestimated vegetable and fruit intake and slightly underestimated poultry and red meat intake. Some of the measurement error may reflect a bias of study participants seeking social approval (Hebert et al, 1995) . The substantial overestimate of vegetables and fruits intake may also be accounted for by the seasonal variation of supply of these foods. The FFQ only asked for the consumption of vegetables and fruits during the peak season. Using the information on month of consuming seasonal foods available on a small proportion of women as the weight did not appear to be a sufficient adjustment. Since categorized dietary intake rather than the absolute amount of intake has been more commonly used in epidemiological studies of diet and chronic diseases, and the Bland-Altman plots did not show (data not presented) that the over or underestimation of dietary intake in the study population depends on the nutrient intake levels, the misclassification in nutrient intake is less likely to cause systematical biases.
Since the two FFQs were administered 2 y rather than 1 y apart as has been done for most previous studies (Willett & Lenart, 1998) , the reproducibility of our FFQ is likely to be underestimated in our study. Change in dietary intake during the 2 y could reduce the correlation and increase the mean differences. As support, we found that nutrient and food intake derived from second FFQ was in general lower than those derived from the first FFQ, a phenomenon that is consistent with decreased energy needs with aging. Therefore, the correlation observed from this study is a conservative measurement of the reliability of the SWHS FFQ.
Although we had a very high success rate for retaining study participants during the calibration study (92%), only about 30% of subjects who were selected as the primary study participation for the dietary calibration study participated. As a result, subjects participating in the calibration study were older and had a lower socioeconomic status than the overall cohort as a whole. However, adjustments for age and socioeconomic factors only changed the correlations slightly between different dietary measurements and two FFQs. Nevertheless, we will adjust for age and socioeconomic factors in the future calibration of risk associated with dietary intake.
In summary, this study suggests that the SWHS FFQ can reliably and accurately measure usual intake of major nutrients and food groups among women in Shanghai. The overestimation of the intake of seasonal vegetables and fruits by this questionnaire emphasizes that relative rank instead of absolute amount of intake should be the focus of future diet-disease associations.
